I. INTRODUCTION
Aquatic environment is the ultimate sink for most environmental pollutants; therefore, several cases of endocrine disruption have been reported in aquatic organisms, particularly in various species of fish [1] . Advanced Oxidation Processes (AOPs) are the current water treatment technologies for remediation of aquatic pollution. These processes are based on the in situ generation of highly reactive transitory species for mineralization of refractory organic compounds [2] . P-25 TiO 2 catalyst is used as a standard reference for comparisons of photo activity under different treatment conditions [3] . The fundamental mechanism involves the generation of electron hole pair which determines the occurrence of redox reactions of species adsorbed on the photocatalyst surface [4] . Pesticide contamination of surface waters from agricultural use is a problem of global importance and known to disturb the delicate balance of aquatic ecosystems and affect the health of aquatic organisms, such as fish [5] - [7] . Among different pesticides contaminating aquatic ecosystems, the phenoxyacetic herbicides comprise one of the largest groups of herbicides used globally. 2, 4-dichlorophenoxyacetic acid (2, 4-D) has been the most widely used pesticide for over 60 years and is present in more than 1500 formulations available in the market [8] .
The World Health Organization (WHO) has recommended 30 μg/L as its maximum permissible concentration in drinking water [9] . Its toxicity on non-target organisms has been a topic of extensive research, with some studies suggesting that 2, 4-D can induce oxidative damage to animal tissues [10] - [15] and the measurements of antioxidative enzyme activities like glutathione peroxidase in fish have been used to assess the oxidative damage [16] . Currently, various biomarkers have been used to impartially measure endocrine disruptive potency and understand the underlying mechanisms [17] . Therefore in the present study the relative expression of GPX and HSP70 genes of zebrafish was measured for assessment of oxidative damage and members of HSP family are considered molecular biomarkers for toxicity associated with physical and chemical stressors [18] . To determine the residual effects of 2, 4-D, we performed its TiO 2 based photocatalyic degradation in aqueous solution and determined transcriptomic alterations in zebrafish embryos. Zebrafish has become one of the most popular model organisms in ecotoxicology [19] , [20] owing to its unique features, such as its rapid development, easy maintenance in the laboratory, large number of offspring, transparency of embryos and access to experimental manipulation.
II. MATERIALS AND METHODS
All protocols involving zebrafish embryos and adults were approved by the appropriate university animal care committee. Embryos were obtained from the wild type adult zebrafish purchased from local pet store. Fish was kept in a dechlorinated RO water recirculating system with 14:10 hr light and dark photoperiod. At 5 hours post fertilization (hpf), embryos were spiked with RO water containing respective concentrations of 2, 4-D along with control group. Mortality was counted and the system water with 2, 4-D solutions were changed daily till embryos were collected at 72 hpf and snap frozen.
A. Treatment of 2, 4-D, HPLC Analysis and Exposure
The 20 ppm aqueous solution was given UV-A treatment (365 nm) with P-25 TiO 2 (2g/L) slurry in LED (Lithium Electron Diode) reactor for 3 hrs according to [21] .
The light intensity was 8.55×10 
B. RNA Extraction and Reverse Transcription
Total RNA was extracted using TRIZOL reagent (Invitrogen Scientific) according to manufacturer"s instructions. The quality of RNA was determined by spectrophotometric readings at 260 and 280 nm. After performing this analysis, the good quality RNA was used for cDNA synthesis. Four µg of total RNA was reverse transcribed in a total volume of 18 µl, using an oligo d (T) anchor and M-MLV reverse transcriptase (Invitrogen, Burlington, ON, Canada) according to manufacturer"s protocol. The resulting cDNA was diluted three fold and stored at -20 o C for use in QPCR.
C. Statistical Analysis
Statistical analysis was performed using one way ANOVA and two ways ANOVA to find difference among means of mRNA levels for various 2, 4-D concentrations and effect of UV treatment respectively. When ANOVA showed the presence of significant difference (p less than 0.05), post hoc multiple comparison of the mean was performed using the Tukey"s test (Prism statistical software, Graph Pad Software, Inc., La Jella, CA, USA). 
D. Quantitative Real Time Polymerase Chain Reaction
QPCR was conducted to determine the relative expression of mRNA levels from zebrafish embryos/larvae genes. Zebrafish ß-actin gene was used as an internal control. All forward and reverse primers along with their optimized annealing temperatures are listed in Table I . PCR amplification was conducted using BIORAD I cycler Multicolor Real Time PCR Detection System (Bio, Rad, USA) and iQ TM SYBR Green Supermix (Bio-Rad, USA), according to the manufacturer"s instructions. QPCR was carried out as follows, initial denaturation at 95 o C for 3 min, 40 cycles of denaturation at 95 o C for 10 S, annealing at the gene specific temperature (Table I) for 20 seconds. The calibrated ΔCt value (ΔΔCt) for each sample and internal controls (β-actin) was calculated [ΔΔCt=2^−(ΔCt sample−ΔCt internal control)] [25] .
To ensure that the primers amplified a single product, a melt curve was performed for every QPCR plate. The efficiencies of reactions were determined by performing the QPCR on serial dilutions of CDNA. All primers were optimized via gradient PCRs with zebra fish tissues and the efficiencies for all genes were between 90-105%, which is considered in the optimal range for QPCR analysis.
III. RESULTS AND DISCUSSION
Zebrafish embryos were exposed to various concentrations of 2, 4-D based upon preliminary experiments, before and after UV/TiO 2 treatment and tested for mRNA levels reltive to ß-actin using QPCR assay. The results show the ability of 2, 4-D and its derivtives, formed after degradation, to interfere with normal expression of tested zebrafish genes.
The relative expression of HSP70 gene was almost stable at applied 2, 4-D concentrations of 50 and 200 µg/L while an incresing trend was observed for 100 and 150 µg/L as shown in Fig. 2 . Whereas, similar concentrations used for exposure after 2, 4-D degradation has resulted in significantly low expression (p = 0.0001), with almost 2 fold decrease at all exposure concentrations of 50, 100, 150 and 200 µg/L as compared to control group with p value of 0.0017 in one way ANOVA (Fig. 3) . It indicates some different forms of toxic effects from 2, 4-D derivatives formed during its photocatalytic degradation. There are several degradation products from 2, 4-D such as, 1, 2, 4-benzenetriol, 2, 4-dichlorophenol, 2, 4-dichloroanisole, chlorohydroquinone (CHQ), 4-chlorophenol and volatile organics.
The chronic health concerns with 2, 4-D and its derivatives have the potential for endocrine disruption. The expressions of HSP70, HSP40 and HSP90 in C. riparius were significantly increased after exposure to 10 µg/L concentration of 2, 4-D [26] indicating its ability to interfere with expression of heat shock genes. Figure 4 shows the curve shift for mRNA levels of HSP70 gene expression for the UV/TiO 2 treated and non treated 2, 4-D exposure to zebrafish embryos. Two ways ANOVA show the significant effect of treatment with p value of 0.0017, while there was no interaction between treated and non-treated groups and significant effect of dose on the mRNA expression of zebrafish HSP gene. Although, 2, 4-D has been suggested as a potential environmental endocrine disruptor and oxidative damage inducer [13] several studies have shown that 2, 4-D produces oxidative stress and depletes antioxidants both in vitro and in vivo exposures. In vivo oxidative activity has been studied in many species including yeast, plants, fish and rats [27-28-29] . The results show changes in HSP70 gene expression, as the exposure with treated 2, 4-D has resulted in significantly lower expression compared to control group. 5 shows the relative expression of GPX gene in zebrafish embryos exposed to various concentrations of 2, 4-D. GPXexpression showed almost two fold increase compared to control group at 100 µg/L indicating its affinity for oxidative stress, also reported by other studies [12] .
While in case of treated 2, 4-D, the expression remains almost unchanged (Fig. 6) . Curve shift and 2 way ANOVA does not show significant difference among means of non treated and treated 2, 4-D exposure (Fig. 7) . The p value is 1.323 for 2 way ANOVA, also there is no interaction and effect of dose among the mRNA levels of GPX for treated and non treated 2, 4-D exposure. The results show disappearance of ED activity in case of GPX gene expression in zebrafish embryos as the mRNA levels are fairly in line with control group after the photocatalytic degradation of 2, 4-D. But the scenario is different for HSP70 gene where the exposure with treated 2, 4-D has resulted in significantly lower expression compared to control group. Percent survival curve of zebrafish larvae exposed to 2, 4 D before and after UV/TiO 2 treatment has shown comparatively more survival in case of exposure with treated 2, 4-D. While non treated 2, 4 D has resulted up to 40 % mortality during exposure (Fig. 8) but the difference is not so obvious that it can be correlated with the complete removal of toxic effects after photocatalytic treament of 2, 4-D. The photocatalytic degradation is found an efficient technique in ensuring the oxidative degradation of the benzene ring and the overall mineralization of aromatic compounds [30] . Thus the slurry type of TiO 2 catalyst application is usually preferred due to high volumetric generation rate of reactive oxygen species (ROS) [31] as a result of the photo induced charge separation on TiO 2 surfaces for mineralization of compounds without creating any secondary pollution. The post separation of the semiconductor TiO 2 catalyst after water treatment remains as the major problem towards its practicality as an industrial process. It can be inferred by the results of treated 2, 4-D exposure to zebrafish embryos that some ED activity of 2, 4-D is contributed by its byproducts formed during its degradation as shown by the significantly altered expression of HSP70 gene. Furthermore, TiO 2 based photocatalyticde gradation of 2, 4-D is an effective treatment method presenting altered gene expression in zebrafish embryos. Nonetheless, the need for further investigations for endocrine disruptive effects (ED) of individual byproducts formed during 2, 4-D degradation is still required.
IV. CONCLUSIONS
The photocatalytic process of 2, 4-D degradation was evaluated using transcriptomic assay in zebrafish embryos and the expression of HSP70 and GPX genes in early life stages of zebrafish are found to be altered by 2, 4-D exposure. Furthermore, the transcriptomic activity of treated 2, 4-D suggests the possibility of some activity from its degradation byproducts. Systemic identification of individual degradation products and determination of their transcriptomic effects is recommended for comprehensive understanding of 2, 4-D degradation processes. 
